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AB Primordial germ cells are extd. from post 

blastocyst embryos of an ungulate such as extg. primordial 
germ cells from the gonadal ridges of 25-day porcine 
embryos or 34-40-day bovine embryos. The primordial 
germ cells are cultured in long-term culture 
(>30 days) resulting in cells which resemble embryonic stem 
cells in morphol . and with respect to maintaining pluripotency . The 

cells 

obtained can. 
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AB In recent years, much attention has been paid to the manipulation of 
primordial germ cells (PGCs) to produce 

transgenic chicken. For this purpose, the in vitro proliferation of PGCs 
would make gene targeting possible, promoting the efficiency of 
transgenes. However, few researches have been carried out on this topic. 
In the present study, we tried to culture chicken PGCs outside the body. 
The PGCs were isolated from circulating blood of chicken embryos by the 
method of Ficoll density centrif ugation, and labeled with PKH26 red 
fluorescent cell linker. The cells were refined by selection with a fine 
glass pipette and a micromanipulator in order to avoid the contamination 
of PGCs with red cells. The refined cells were then cultured for a given 
period. The PGCs proliferated when they were cultured on feeder cells 
derived from the germinal ridges of chicken embryos at stage 27. During a 
5 day culture period, the highest rate of increased PGCs was about 51% 

for 

one of the two test groups. Although some kinds of growth factors were 
supplemented in the culture media, no synergistic effect of chicken 
stem cell factor (chSCF) with murine 
leukemia Inhibitory factor (LIF) and 
human basic fibroblast growth factor 

(bFGF) on the proliferation of PGCs was found. This result 
implies that the LIF and bFGF influencing the 

proliferation of PGCs may not be conserved between mammals and birds. 
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TI Survival and proliferation of refined chicken circulating 

primordial germ cells cultured in vitro. 
AU Yang, Guoqing; Fujihara, Noboru (1) 
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AB Fluorescent reagent-labelled PGCs isolated from the blood of 2-day-old 
chick embryos were cultured on stroma cells derived from 5-day-old 
germinal ridge in Medium 199 supplemented with 10% FBS , human IGF-1, 
bovine FGF-b, and murine LIF. In 7 experiments, the number of 
MCs increased by an average of 4.8 fold in 4 days. Intrinsic PGCs in the 
5-day embryonic germinal ridge were observed loosely attached to the 
stroma cells, and they also increased 3.8 fold during culture for 4 days. 
These results indicate the possibility of applying this culture method to 
the production of transgenic chickens. 



=> d 1 bib 



L15 ANSWER 1 OF 4 MEDLINE 
AN 95261329 MEDLINE 
DN 95261329 

TI Proliferation of chick primordial germ cells 

cultured on stroma cells from the germinal ridge. 
AU Chang I K; Tajima A; Chikamune T; Ohno T 

CS RIKEN Cell Bank, Institute of Physical and Chemical Research {RIKEN), 
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Turkey primordial germ cells 

transferee! by intravascular injection to previously sterilized chick 
embryos can undergo complete maturation inside the host f s gonads and can 
give rise to gametes which are more or less suitable for fertilization. 
The resulting spermatozoa fertilized hen eggs at a higher frequency than 
normal turkey spermatozoa, but without allowing a longer or a 
more normal development. It was impossible to fertilize turkey 
eggs with them. The resulting eggs sometimes had an abnormal-looking yolk 
and were laid during the first 7 mo. only. Brought in contact with 
chicken spermatozoa, they were fertilized (or perhaps merely 
activated), but they never gave rise to embryos. Fertilized by 
turkey spermatozoa, they developed into embryos, sometimes 
abnormal, which in the best case reached the 15th day of incubation 
( stage 

38 HH [Hamilton-Hamburger] ) . Some praepennae of the latter embryo showed 



red-brown pigment which cannot be determined by the genotype of the 

zygote 

(a white turkey 1 s) and which resembled the phenotype of the 
foster mother (a red-brown hen) . After intraspecif ic transfer of 
primordial germ cells, maturation of Rhode 

Island Red oocytes inside a Wyandotte White ovary (in 2 hens) and vice 
versa (in 1 hen) was achieved. Laying was also possible but often at a 
lower frequency than normal. When a Wyandotte White hen bearing Rhode 
Island Red oocytes was mated with a normal Rhode Island cock, the down of 
their offspring looked brighter than Rhode Island Red chicken's 
in one case, but it was subsequently replaced by red-brown feathers 
according to the genotype. When a Rhode Island Red hen bearing Wyandotte 
White oocytes was mated with a normal Wyandotte White cock, the down of 
their offspring was never in agreement with the genotype. It always 
showed 

a black pigment over more or less large areas and, in one case, a 
red-brown pigment, both of which were present in the foster mother. The 
origin and the mechanism of such a transfer of pigments are not 
understood. It might represent merely a temporary effect acting upon the 
down of the first generation. As far as the comb is concerned, it was 
always in agreement with the original genotype. 
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AB Recent studies have shown that stem cell 

factor, leukemia inhibitory factor, 

and basic fibroblast growth factor 

increase proliferation and survival of the mouse primordial 
germ cells (PGCs) in culture. We now show that addition 

of tumor necrosis factor-alpha (TNF-alpha) to culture medium stimulates 
proliferation of PGCs without transforming them into embryonic stem cells 
and that its effect is specific for the PGCs at younger stages before and 
during their migration to gonads. A previously reported finding that 
TNF-alpha is expressed at these stages in mouse embryos suggests possible 
involvement of TNF-alpha in the proliferative regulation of the PGCs in 
the embryo. 
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TI Tumor necrosis factor-alpha (TNF-alpha) stimulates proliferation of mouse 

primordial germ cells in culture. 
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IGF-II and LIF are used for culturing, establishing or 

maintaining an mammalian, avian or fish embryonic stem cell line. 



3 ab 



ANSWER 3 OF 3 CAPLUS COPYRIGHT 199 9 ACS 

IGF-II with/without addnl . leukemia inhibition factor (LIF) is 
useful for culturing undifferentiated animal cells such as embryonal 
carcinoma cell (EC cell) or embryonic stem cell (ES cell), and 
establishment of the cells into cell lines. IGF-II inhibits the 
differentiation of the animal undifferentiated cells and promotes the 
growth of the same. Establishment of ES cell lines from embryonic 
stem cells of Wistar and ACI rats was shown. 
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AB Recent studies have shown that stem cell factor (SCF) , leukemia 
inhibitory 

factor (LIF) , basic fibroblast growth factor (bFGF) and the enhancement 

of 

cAMP levels increase proliferation and survival of mouse 
primordial germ cells (PGC) in vitro. Even 

after the addn. of these factors, however, it is still not possible to 
obtain proliferation of PGC at a rapid rate similar to that in vivo, 

^ suggesting the presence of other growth factor (s) in vivo. We previously 
reported that tumor necrosis factor- . alpha . stimulates proliferation of 
PGC at earlier migration stages. We now show that the use of SI/SI4-m220 
feeder cells and the addn. of a medium conditioned with Buffalo rat liver 
cells and forskolin to the culture medium stimulate PGC obtained 
from 8.5 days post coitum embryos to proliferate in culture at a 
rate comparable to that in vivo. Under such conditions, proliferation of 
PGC continued several days past the timing of growth arrest in vivo; 
however, it did stop afterward. Such proliferating PGC continued to 
express c-kit and Oct-3 proteins. The characteristics of the culture 
medium and the requirement of feeder cells were different from those for 
embryonic stem (ES) cells, suggesting that these rapidly proliferated PGC 
are not transformed into ES-like EG cells. 

AN 1996:487602 CAPLUS 

DN 125: 159418 

TI A combination of Buffalo rat liver cell-conditioned medium, forskolin and 
membrane-bound stem cell factor stimulates rapid proliferation of mouse 
primordial germ cells in vitro similar to that 
in vivo 
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AB Information obtained mainly from in vitro culture studies and genetic 
analysis of mouse mutants White spotting and Steel indicate a pivotal 

role 

of growth factors in the development of mouse primordial 
germ cells ( PGCs ) . While stem cell 

factor (SCF) and TGF beta 1 seem to have a role in PGC 

migration (as an adhesion factor and a chemoattractant , respectively), 

the 

former is certainly required for PGC survival in vitro and probably in 
vivo as well. Recent findings suggest that the mechanism by which 
SCF supports PGC survival is by preventing PGC apoptosis. A 
similar action appears to be exerted by leukemia 
inhibitory factor (LIF) , a further growth 

factor influencing PGC growth in culture. PGC proliferation seems to be 
mainly induced by cAMP dependent mechanisms, but further investigations 
are needed to clarify the interrelationships among the different 
molecular 

pathways activated by SCF, LIF, cAMP and other 
putative PGC growth factors (i.e. bFGF) . Stimulation of 

long-term proliferation of PGCs, leading to derivation of ES-like cells 
{embryonal germ cells) obtained by using a combination of growth factors 

( 

bFGF, SCF and LIF) , opens new intriguing 

perspectives for such studies and transgenic technology. 
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TI Growth factors in mouse primordial germ cell migration and 

proliferation . 
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AB PRIMORDIAL germ cells (PGCs) are first 

identifiable^as^a population of about eight alkaline phosphatase-positive 
cells in the' 70 days postcoitum mouse embryo-1. During the next 6 days of 
development/' they proliferate to give rise to the 25, 000 cells that will 
establish the^meiotic population-2 . Steel factor is required for PGC 
survival both in vivo-3 and in vitro-4,5 and together with leukaemia 
inhibitory factor stimulates PGC proliferation in vitro-6. In 
feeder-dependent culture, PGCs wil proliferate for up to 7 
days, but their numbers eventually decline and their proliferative 
capacity is only a fraction of that seen in vivo-6,7. Here were report a 
further factor that stimulates PGC proliferation in vitro, basic 
fibroblast growth factor (bFGF) . Furthermore, bFGF, in the presence of 
steel factor and leukaemia inhibitory factor, stimulates long-term 
proliferation of PGCs, leading to the derivation of large colonies of 
cells. These embryonic germ cells resemble embryonic stem cells, 
pluripotent cells derived from preimplantation embryos, or feeder 
-dependent embryonal carcinoma cells, pluipotent stem cells of 

PGC-derived 

tumours (teratomas and teratocarcinomas ) -8 . To our knowledge, these 
results provide the first system for long-term culture of PGCs. 
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AB The temporal and spatial pattern of segregation of the avian 

germline from the formation of the area pellucida to the beginning of 
primitive streak formation (stages VII-XIV, EG&K) was investigated using 
the culture of whole embryos and central and peripheral embryo 
fragments on vitelline membranes at stages VII-IX, immunohistological 
analysis of whole mount embryos and sections with monoclonal antibodies 
MC-480 against stage-specific embryonic antigen-1 (SSEA-1) and EMA-1, and 
with the culture of dispersed blastoderms at stages IX-XIV with 
and without on STO feeder layer. Whole 

embryos at intrauterine stages developed up to the formation of the 
primitive streak despite the absence of area pellucida 
expansion. Primordial germ cells (PGCs) 



appeared in the cultures of whole embryos and only in central 
fragments containing a partially formed area pellucida at stages VII-IX. 
When individual stage IX-XIV embryos were dispersed and cultured 
without a feeder layer, 25-45 PGCs/embryo were 

detected only with stage X-XIV, but not with stage IX blastoderms. 
However, the culture of dispersed cells from the area pellucida 
of stages IX-XIII on STO feeder layers yielded about 

150 PGCs/embryo. The carbohydrate epitopes recognized by anti-SSEA-1 and 
EMA-1 first appeared at stage X on cells in association with 
polyingressing cells on the ventral surface of the epiblast and later on 
the dorsal surface of the hypoblast. The SSEA-l-positive hypoblast cells 
gave rise to chicken PGCs when cultured on a feeder 
layer of quail blastodermal cells. From these observations, we 
propose that the segregation and development of avian germline 
is a gradual, epigenetic process associated with the translocation of 
SSEA-l/EMA-l-positive cells from the ventral surface of the area 
pellucida 

at stage X to the dorsal side of the hypoblast at stages XI-XIV. 
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AB Previous observations obtained from a culture of blastodermal 
cells on a mouse fibroblast feeder layer (STO) 

suggested that STO cells provide a factor or factors that facilitate 
development of avian primordial germ 

cells (PGC) from dispersed embryo cells. The purpose of the 

current study was to test the hypothesis that sol. factors produced by 

STO 

cells are responsible, at least in part, in supporting the development of 

PGC in culture and to examine the effect of stem cell factor 

(SCF) , ciliary neurotrophic factor (CNTF), and basic fibroblast growth 

factor (bFGF) in the development of PGC in culture. 

Blastodermal cells on gelatin-coated plastic or on feeder 

layers of CV-1 cells yielded a small no. of PGC. When 

blastodermal cells were cultured on STO cells, a marked increase in PGC 

was obsd. The addn. of STO cell-conditioned medium (STO-CM) to 

blastodermal cells cultured on gelatin-coated plastic and on 

feeder layers of CV-1 cells resulted in a significant 

increase in the no. of PGC, indicating that sol. factors 

produced by STO cells can enhance the development of chicken PGC in 

culture. Supplementation of blastodermal cells with SCF (100 

ng/mL) or CNTF (2 ng/mL) or with CNTF and SCF together resulted in a 

significant increase in the no. of PGC after 48 h of 

culture on feeder layers of CV-1 cells. 

However, addn. of bFGF (100 ng/mL) did not increase PGC. We concluded 
from these observations that the culture of blastodermal cells 
on feeder layers of STO and CV-1 cells can be used as 

a useful biol . system in examg. the regulatory factors that govern the 
ontogeny of the germ cell lineage in the avian embryo. 
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AB Two agents known to enhance the level of intracellular cAMP (dibutyryl 
cAMP and forskolin) markedly increase the number of 8.5, 10.5, and 11.5 
days postcoitum (dpc) mouse primordial germ 
cells (PGCs) cultured on TM4 cell feeder layers 

. Forskolin (FRSK) caused a significant increase of PGC number also in 
monodispersed cell suspensions obtained from PGC-containing tissues of 

the 

three embryonic ages studied and in purified 11.5 dpc PGCs cultured 
without feeder layers. The addition to the 

culture medium of adenosine-3 1 , 5 1 -cyclic monophosphorothioate RP 
isomer (Rp-cAMPS, a competitive antagonist for cAMP-dependent protein 
kinases), significantly reduced the effects of FRSK. Last, FRSK 
stimulated 

PGC proliferation, as assessed by 5-bromo-2 ' -deoxyuridine incorporation. 
We conclude that cAMP-dependent mechanisms play a crucial role in the 
control of mitotic proliferation of mouse PGCs in culture. 
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AB In the present paper we investigated the effects of stem cell 
factor/mastocyte growth factor (SCF/MGF) , leukemia inhibitory 
factor/differentiating inhibitory activity (LIF/DIA) (two growth factors 
known to affect primordial germ cell growth in vitro) and forskolin 

(FRSK) 

(an activator of adenylate cyclase in many cell types) alone or in 

combination on the survival and proliferation of primordial 

germ cells (PGCs) obtained from 8.5, 10.5, and 11.5 days 

post coitum (dpc) mouse embryos and cultured without pre- formed 

cell feeder layers. The results showed that both at 1 

and 3 days of culture the addition of 100 ng/ml SCF, 20 microM 

FRSK, or in some instances 20 ng/ml LIF alone caused a significant 

increase of PGC number as compared with controls. The highest effects 

were 

obtained when SCF and/or LIF were used together with FRSK. Moreover, we 
found that FRSK elevated cAMP levels in purified 11.5 dpc PGCs and that 
this compound, but not SCF and LIF, stimulated PGC proliferation, as 
assessed by 5-bromo-2 1 -deoxyuridin (BrdU) incorporation. These results 
suggest a mechanism of combined action of cAMP with SCF and/or LIF in the 
control of proliferation of mouse PGCs in vitro. 
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AB The in vitro culture conditions allowing survival and initial 
proliferation of murine primordial germ cells 

from 10.5 days post coitum embryos, which include the use of a murine 
embryonal fibroblast (STO) feeder, were applied to 21 human seminomas, 
composed of tumour cells which are considered as the malignant 
counterparts of human primordial germ cells. 

Cells from 18 seminomas attached poorly to STO, and only a few survived 
through day 10. In contrast, three seminomas showed a higher degree of 
attachment. Two of them showed initial proliferation and enhanced 
survival: 30 days for tumour SE1 and 25 days for tumour SE3 . Tumour SE1 
was more extensively studied, using the culture conditions 
allowing the derivation of pluripotent feeder, stem cell factor, 
leukaemia 

inhibitory factor and basic fibroblast growth factor. The presence of 

stem 

cell factor was necessary and sufficient for colonies of turnout cells to 
form during the first 3 days of culture. While the cell number 
decreased after day 3 in medium without fetal calf serum, it 
increased until day 9 in medium containing fetal calf serum. No 
reprogramming of SE1 cells to pluripotent stem cells was observed. Our 
data indicate that seminomas form a tumour population with a 
heterogeneous 

in vitro behaviour not equivalent to that of 8.5 - 10.5 days post coitum 
murine primordial germ cells. 
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AB Mutations at the steel (si) and dominant white spotting (W) loci in the 
mouse affect primordial germ cells (PGC), 

melanoblasts and haemopoietic stem cells. The W gene encodes a 
cell-surface receptor of the tyrosine kinase family, the proto-oncogene 
c-kit. In situ analysis has shown c-kit messenger RNA expression in PGC 

in 

the early genital ridges. The SI gene encodes the ligand for this 
receptor, a peptide growth factor, called here stem cell factor (SCF) . 

SCF 

mRNA is expressed in many regions of the early mouse embryo, including 

the 

areas of migration of these cell types. It is important now to identify 
the role of the Sl-W interaction in the development of these migratory 
embryonic stem cell populations. Using an in vitro assay system, we show 
that SCF increases both the overall numbers and colony sizes of migratory 
PGC isolated from wild-type mouse embryos, and cultured on irradiated 
feeder layers of STO cells (a mouse embryonic fibroblast 
line) . In the absence of feeder cells, SCF causes a large 
increase in the initial survival and apparent motility of PGC in 
culture. But labelling with bromodeoxyuridine shows that SCF is 
not, by itself, a mitogen for PGC. SCF does not exert a chemotropic 
effect 

on PGC in in vitro assays. These results suggest that SCF in vivo is an 
essential requirement for PGC survival. This demonstrates the control of 
the early germ-line population by a specific trophic factor. 
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